Introduction
Population-based surveys indicate that the 1-year prevalence rate of migraine is 18.2% for women and 6.5% for men (1) , indicating that about 30 million people in the United States currently suffer from this condition. Migraine is typically manifest by episodic disabling headache lasting hours or days, with an average attack frequency of one per month (2) . Triptans, the ergot alkaloids and non-steroidal antiinflammatory drugs (NSAIDs) are the three main classes of drugs used to treat the pain and associated symptoms of a migraine attack (3) .
The US Headache Consortium recommends a migraine-specific drug (triptan or ergotamine) for patients with severe migraine or for patients whose migraines respond poorly to NSAIDs or to combination analgesics (4) . Several oral triptans (rizatriptan 10 mg, sumatriptan 100 mg and eletriptan 40-80 mg) have been shown to have greater efficacy than ergotamines in double-blind randomised clinical trials (5-7).
In randomised trials comparing different oral triptans head-to-head, rizatriptan 10 mg appears to have the greatest efficacy (8, 9) . A large randomised clinical trial (n ¼ 1268) reports significant superior treatment efficacy of pain relief (PR) at 2 h and pain freedom (PF) at 2 h after dosing for rizatriptan 10 mg over sumatriptan 100 mg (9) . No differences in PR and PF rates at 2 h are observed between rizatriptan 5 mg and sumatriptan 100 mg (9) . Using freedom from pain 2 h after dosing as the outcome measure, which is recommended by the International Headache Society as the standard end-point for efficacy measurement (10) , rizatriptan 10 mg has greater efficacy than sumatriptan 25 mg, sumatriptan 50 mg, sumatriptan 100 mg, naratriptan 2.5 mg and zolmitriptan 2.5 mg (8, 11) . In addition, patients taking rizatriptan 10 mg report more proportions of 24-h sustained PF rates than other oral triptans (8) .
Overviews of placebo-controlled trials of individual oral triptans (12, 13) indicate that rizatriptan 10 mg and eletriptan 80 mg exhibit placebo-subtracted values of PF at 2 h that are significantly higher OnlineOpen: This article is available free online at www.blackwell-synergy.com
S U M M A R Y
Background: In the clinical trial setting, oral rizatriptan 10 mg has greater efficacy than other oral triptans in freedom from migraine headache pain 2 h after dosing. Objective: The study objective is to compare the effectiveness of rizatriptan 10 mg and other oral triptans for acute migraine attack in a naturalistic setting. Methods: A total of 673 patients took rizatriptan 10 mg or their usual-care oral triptans for two migraine attacks in a sequential, cross-over manner and recorded outcomes using a diary and a stopwatch. Mean and median times to pain relief (PR) and pain freedom (PF) for rizatriptan and other oral triptans were compared. The effect of rizatriptan on times to PR and PF, adjusting for potential confounding factors (treatment sequence, treatment order and use of rescue medication), was computed via a Cox proportional hazard model. Results: Significantly, more patients taking rizatriptan achieved both PR and PF within 2 h after dosing than other oral triptans. Times to PR and PF were shorter with rizatriptan than with other oral triptans (median time to PR: 45 vs. 52 min, p < 0.0001; median time to PF: 100 vs. 124 min, p < 0.0001). The adjusted proportional hazard ratios (rizatriptan vs. other oral triptans) for times to PR and PF were 1.32 (95% CI: 1.22-1.44) and 1.27 (95% CI: 1.16-1.39) respectively. Conclusion: The times to PR and PF in a 'naturalistic' setting were significantly shorter for patients treating a migraine attack with rizatriptan 10 mg than with other oral triptans.
What's known
Triptans are efficacious migraine-specific therapy for acute migraine. Rizatriptans, as compared with other oral triptans, have shown greater efficacy in treatment outcomes.
What's new
This article addresses an important question whether rizatriptan 10 mg is more effective than other oral triptans in aborting acute migraine in a real-world setting. With regard to research methodology, we strived for better measurement of time to treatment end-points (using stopwatch methodology) and minimising intra-patient variations by adopting cross-over study design.
than those for the benchmark sumatriptan 100 mg, whereas values of PF for other triptan dosages -almotriptan 12.5 mg, eletriptan 20 and 40 mg, naratriptan 2.5 mg, sumatriptan 25 and 50 mg, zolmitriptan 2.5 and 5 mg -do not differ significantly from those for sumatriptan 100 mg (13) .
It is unclear whether greater efficacy in randomised clinical trials translates into greater effectiveness in treating an acute migraine in a patient's everyday setting. Although there have been several open-label naturalistic studies of triptans (almost invariably rizatriptan) in comparison with patients' usual treatments, the 'usual treatment' comparator either nontriptans (14) (15) (16) or combined triptans with other non-triptan drugs (17) . A recent open-label crossover trial reports that rizatriptan 10 mg has enhanced PF rates at 2 h than almotriptan 12.5 mg (18). No naturalistic study has focused on a comparison of rizatriptan with other oral triptans, with time to headache PF at 2 h as an end-point. The objective of the current study is to investigate the effectiveness of rizatriptan 10 mg compared with the oral triptans usually taken by patients in a naturalistic setting. Given the bioavailability differences exist among oral triptans, comparison group was further categorised into (1) other oral triptans (2), sumatriptan only (3), fast-acting oral triptans (i.e. almotriptan, electriptan and zolmitriptan), and (4) slow-acting oral triptans (i.e. frovatriptan and naratriptan). The primary outcomes were times to achieve PR and PF.
Methods

Study overview
The methods of this trial have been reported in detail elsewhere (17). In brief, this was a multi-site, prospective, open-label, two-migraine-attack, crossover study. Patients from across the United States were recruited in their primary care physicians' offices (see Appendix 1 for a list of participating physicians). After providing informed consent, consecutive rizatriptan-naïve patients completed a baseline questionnaire recording their demographic characteristics, migraine history and the use of acute and preventive migraine medications. Patients were then provided with a take-home kit containing two patient diaries, a stopwatch, two tablets of standard formulation oral rizatriptan 10 mg, instructions for data collection, and a stamped addressed envelope. Patients were instructed to treat their next two migraine attacks sequentially with either rizatriptan 10 mg or their usual migraine medication, in a cross-over manner. The sequence of medication use was left to the patient's discretion. Patients were asked to start the stopwatch upon taking the study medication, and to record in the diary the time to onset of PR and the time to PF. At the end of each treatment diary, patients recorded how satisfied they were with the prescription medication used to treat their migraine. At the conclusion of the cross-over phase, they were asked to indicate which acute migraine medication they would prefer to use in treating their next migraine. Patients treated their migraines as they usually would, so that additional prescription or over-the-counter medications were allowed. The study protocol and all patient materials used in this study were reviewed and approved by Schulman Associates Institutional Review Board, Inc. The study was carried out between September 2003 and February 2004.
Patients
Men and women were eligible to enter the study if they were 18 years of age or older, had physiciandiagnosed migraine and a recent history of one or more migraines per month, were rizatriptan-naïve, had been prescribed an oral medication intended for the acute treatment of migraine, and were fluent in English. The criteria for exclusion from the study were pregnancy or any contraindication for the triptans used in the study.
Outcome measures
The primary study outcome measures were the times, in minutes, to migraine PR and PF, recorded by stopwatch. Patients recorded these exact times in the diaries provided in response to the questions 'After you took the first prescription drug, how long did it take before you started to feel onset of headache relief, i.e. you felt that the drug started working?' and 'After you took the first prescription drug, how long did it take before you felt your headache was completely gone?' Secondary outcome measures were patient satisfaction and patient medication preference. Patient satisfaction was measured on a fivepoint Likert scale (1, very satisfied; 2, satisfied; 3, neither; 4, dissatisfied and 5, very dissatisfied) and patient preference was evaluated in three categories (1, rizatriptan; 2, other oral triptan and 3, no preference).
Statistical analysis
This analysis is limited to patients whose previously prescribed migraine medication was an oral triptan (almotriptan, eletriptan, frovatriptan, naratriptan, sumatriptan or zolmitriptan, but not rizatriptan) in standard tablet formulation, and who used the stopwatch provided to record the times to PR and PF. The characteristics of patients who used rizatriptan for their first migraine attack and those who used rizatriptan for their second attack were compared and the statistical significance of differences between these two patient sets was determined using an independent t-test for continuous variables and a chisquared test for proportions.
Times to PR and PF were analysed both as categorical variables and as continuous. Comparisons were made between the following groups: (i) rizatriptan vs. all other oral triptans; (ii) rizatriptan vs. sumatriptan only; (iii) rizatriptan vs. fast-acting oral triptans (including almotriptan, electriptan and zolmitriptan) and (iv) rizatriptan vs. slow-acting oral triptans (including frovatriptan and naratriptan). For categorical measurement of time, statistical significance of differences in proportion of patients achieving PR and PF within 2 h after dosing was evaluated using McNemar's test. For continuous measurement of time, times to PR and PF were capped and censored at 3 days (i.e. 72 h or 4320 min) for patients who either achieved PF beyond 3 days or did not achieve PR and/or PF. The rationale of 3-day censoring was chosen because most migraine patients achieved PF within 3 days of attack. A paired t-test was applied to test treatment differences (e.g. rizatriptan vs. other oral triptans) in mean times to PR and PF. As the distributions of times to PR and PF were skewed, and parametric methods (which assume a normal distribution) are not strictly valid, non-parametric and semi-parametric methods were deemed more appropriate. Median times to PR and PF were presented by treatment groups, and the p-value associated with the treatment comparison was obtained from the Score Statistic in the Cox model, adjusting for clustering.
Cox proportional hazards modeling was considered the appropriate tool for testing treatment differences in times to PR and PF. To account for the clustering effect as a result of patients serving as their own controls in this cross-over study, the Cox proportional hazards model employed an independent working assumption and used a robust sandwich covariance matrix estimate. The variables controlled for included treatment sequence, treatment order and the use of rescue medications. Treatment sequence was a dichotomous variable that measured taking rizatriptan in the first attack. Treatment order was also a binary-coded variable that assessed the numerical order of treatment sequence. Use of rescue medication was coded as '1' if an affirmative response was given to the question 'Did you take any non-prescription medication after you took their prescription drug(s) to help relieve the migraine attack?' Patient satisfaction with rizatriptan in comparison with other oral triptans was evaluated in a cumulative logit model, in which the dependent variable was the satisfaction rating and the variables controlled for included treatment sequence, treatment order and the use of rescue medications. The proportion of patients indicating their preference for rizatriptan, other oral triptans and no preference was described. All analyses were performed with SAS, version 8. A p-value < 0.05 was considered to be statistically significant.
Results
Patient sample
A total of 2368 patients were enrolled in the study. Patients who did not follow the study protocol, who did not use a stopwatch, or who did not use an oral triptan as their comparator treatment were excluded, so that 673 patients, with 1346 migraine attacks, were included in the analysis presented here (Figure 1 ). The excluded population had a statistically significantly greater frequency of migraine-associated vomiting (22.6% vs. 14.3%), diarrhoea (10.7% vs. 6.2%) and blurred vision (32.5% vs. 26.5%). Stopwatch users and non-users were similar in terms of their educational levels, recent headache severity, health insurance coverage and treatment sequence. There were a slightly greater proportion of women among stopwatch non-users (90.9%), than among stopwatch users (83.4%).
The characteristics of the population included in the analysis are presented in Table 1 . The mean age was 41.3 years, 83.4% were women, and the mean age at first diagnosis was 28.2 years. Patients' 'usual care' oral triptans were sumatriptan (49.6%), zolmitriptan (15.2%), eletriptan (13.8%), almotriptan (11.7%), frovatriptan (5.1%) and naratriptan (4.6%). A total of 386 patients (57.4%) used rizatriptan to treat their first migraine attack and 287 (42.6%) used rizatriptan to treat their second migraine attack (Table 1 ). There were no statistically significant differences between these two groups in age, gender, age at first diagnosis, migraine type, education, recent headache severity, number of headaches in the previous month or the use of rescue medications.
Times to pain relief and pain freedom
Proportions of achieving pain relief within 2 h after dosing Using the International Headache Society's standard treatment end-points, proportions of patients achieved PR and PF within 2 h after dosing was shown in Table 2 . Significantly more patients taking rizatriptan (88.1%) achieved PR within 2 h after dosing than patients taking other oral triptans (81.9%; p ¼ 0.0003). Approximately nine of 10 patients
Protocol violations n = 858
Non-triptan usual care medication n = 141
Did not use stopwatch n = 696
Lost to follow-up n = 462 Only one migraine n = 91 Non-crossover treatment n = 287 Non-protocol or unknown drug n = 18
Rizatriptan versus other oral triptans n = 673
Rizatriptan first n = 386
Other oral triptans first n = 287 
Proportions of achieving pain freedom within 2 h after dosing
With regard to PF, significantly more patients taking rizatriptan achieved PF within 2 h after dosing (60.9%), than patients taking other oral triptans (49.9%; p < 0.0001) (see Table 2 ). Across all subgroup comparisons (i.e. sumatriptan, fast-and slowacting oral triptans), patients disproportionately attained PF within 2 h after taking rizatriptan.
Mean and median times of pain relief
The mean and median times to PR by treatment groups were displayed in Times to PR and PF31.5-118.7) (Table 3a) . Median time to PR was statistically shorter for rizatriptan (45 min) than other oral triptans (52 min, p < 0.0001). There was no statistical difference in mean or median times to PR between rizatriptan and sumatriptan, although there were some numeric advantages for rizatriptan. Patients taking rizatriptan, as compared with either fast-or slow-acting oral triptans, reported significantly shorter mean and median times to PR.
Mean and median times of pain freedom
The mean and median times to PF by treatment groups were displayed in Table 3b . The mean time to PF was statistically significantly shorter with rizatriptan (261.5 min) than with other oral triptans (358.3 min), a mean difference of 96.8 min (95% CI: 33.8-159.9). Likewise, the median time to PF was statistically shorter for rizatriptan (100 min) than other oral triptans (124 min, p < 0.0001). Compared with sumatriptan, patients taking rizatriptan reported shorter median time to PF and similar mean time to freedom. Patients taking rizatriptan, as compared with either fast-or slow-acting oral triptans, reported significantly shorter mean and median times to PF.
Multivariate analyses
In the Cox proportional hazards model comparing rizatriptan and other oral triptans (Table 4a) , the adjusted time to PR was 32% faster with rizatriptan (hazard ratio 1.32, 95% CI: 1.22-1.44; p < 0.0001), after adjusting for treatment sequence, treatment period and the use of rescue medications. The adjusted time to PR was consistently faster with rizatriptan than all other subgroup comparisons (i.e. sumatriptan, fast-and slow-acting oral triptans). Compared with other oral triptans (Table 4b) , the adjusted time to PF was 27% faster with rizatriptan (hazard ratio 1.27, 95% CI: 1.16-1.39; p < 0.0001), after adjusting for treatment sequence, treatment period and the use of rescue medications. The adjusted time to PF was consistently faster with rizatriptan than all other subgroup comparisons (i.e. sumatriptan, fast-and slow-acting oral triptans).
Satisfaction and preference
A total of 668 patients completed the diary questions about their satisfaction with their current medication ( Table 5) . A greater proportion of patients indicated that they were very satisfied when treating a migraine attack with rizatriptan compared with other oral triptans (29.5% vs. 19.5%). A smaller proportion of patients reported that they were dissatisfied (12.3% vs. 14.9%) or very dissatisfied (5.4% vs. 7.0%) when treating a migraine attack with rizatriptan compared with other oral triptans. In the cumulative logit multivariate model, patients were 52% more satisfied when treating their attack with rizatriptan than when treating with another oral triptan (odds ratio 1.52, 95% CI: 1.25-1.85; p < 0.0001), after adjusting for treatment sequence, treatment order and the use of rescue medications. Of the 652 patients, who 
Comment
This was a prospective, open-label, cross-over study, in which patients took either oral rizatriptan 10 mg or their usual-care oral triptans sequentially for two consecutive migraine attacks, and timed the course of their migraine pain using a stopwatch. Compared with patients' usual oral triptans therapy, the mean time to PR was approximately 75 min shorter with rizatriptan 10 mg, and the mean time to PF was approximately 97 min shorter. Median times to PR and PF were, respectively, 7 and 24 min shorter with rizatriptan. Replicating the results in clinical trials, a significantly greater proportion of patients achieved PR and PF within 2 h of dosing with rizatriptan than with other oral triptans. The results of this naturalistic study are consistent with those of double-blind, randomised clinical trials, in which rizatriptan 10 mg has equal or greater efficacy for PF at 2 h postdose than all other triptan dosages (8, 9) . The extent to which rizatriptan is a more effective acute migraine therapy than other oral triptans in a naturalistic setting has not been reported. Rizatriptan has previously been compared with patients' usual medications, which were either non-triptans or a mixture of triptans and non-triptans. These studies showed that rizatriptan had better treatment outcomes than non-triptan medications (15, 16) . In a study of the orally disintegrating formulation of rizatriptan, the percentage of patients reporting PR and PF at 2 h was more than twice as great with rizatriptan as with patients' usual, non-triptan medication (15) . In a pharmacy-based study comparing patients who took rizatriptan with patients who took a nontriptan, the percentage of patients reporting PR and PF at 2 h was significantly greater with rizatriptan (16) . The US Migraine Assessment Protocol study compared rizatriptan 10 mg with patients' non-triptan usual medication (14, 19) . Significantly more patients were symptom free at 2 h after dosing with rizatriptan than with patients' usual treatment (19). In studies in which the comparator included both oral triptans and non-triptan, rizatriptan was again found to have better treatment outcomes (17). In the previous publication by Bell et al. (17), 'usual treatment' included both triptan (80.6%) and non-triptan migraine medications (19.4%). Not surprisingly, when non-triptans were included in the usual treatment, a greater treatment benefit was observed with rizatriptan: the mean times to onset of PR and PF with rizatriptan compared to usual treatment were 85 vs. 107 min and 222 vs. 298 min respectively (17). Our study refines Bell et al. analysis by comparing rizatriptan with other oral triptans only. Consistent with the existing literature of treatment in naturalistic settings, we found that rizatriptan 10 mg provided shorter times to PR and PF than other oral triptans.
This report has made a number of improvements in terms of study design, outcome measurement and appropriate statistical analysis. Studies of triptans employing pretest to post-test or parallel group designs are vulnerable to certain biases. A pretest to post-test design is vulnerable to temporal drift in variables that might influence the results. A patient's migraine profile may change spontaneously from one attack to the next and changes in the migraine profile may be attributed incorrectly to the effect of the post-test intervention. In a non-randomised parallelgroup design, a patient selection bias may result in non-comparable patient sets. The cross-over design employed in this and other studies (14, 17, 19 ) is meant to minimise these potential biases. A crossover design reduces intraperson variability, because patients serve as their own controls. With this control for patient variability built into the study design, one can more confidently attribute differences in outcomes to differences in the intervention rather than to extraneous factors. With respect to the measurement of the primary end-points, we strove to time events precisely by asking patients to use a stopwatch. Thus, in contrast to previous studies, which categorised patients according to their pain status at fixed time points (14-16,19), we were able to document events continuously in real time. Precise measurement of the dependent variable enhances the ability to detect differences between treatments.
Both times to PR and PF were not normally distributed, but were skewed to the right, as a small proportion (3.8-5.9%) of migraine patients were not pain free 200 min after therapy (17). Mean times to events may be more intuitive, but results derived from means and parametric tests of statistical significance (e.g. t-test) may be inaccurate. In addition to mean times to events, we reported median times using semi-parametric (Cox proportional hazards modeling) methods. Our findings that patients taking rizatriptan for acute migraine had significantly shor-ter times to PR and PF than patients taking other oral triptans, were supported by statistical tests of both mean and median time differences.
There are several caveats to the interpretation of these results. For unknown reasons, a majority of patients entering the study did not complete the protocol, introducing the possibility that the included and excluded populations may not have been comparable. We have noted that patients who were not included in the analysis because of protocol violations had a statistically significantly greater frequency of migraine-associated symptoms (17). In addition, there were a slightly greater proportion of women among stopwatch non-users (90.9%), than among stopwatch users (83.4%). Our results, therefore, are only strictly applicable to the migraine patients who followed the research protocol and used a stopwatch to track their time to headache events. Secondly, our definition of PR was different from the one generally used in clinical trials. In clinical trials, PR is typically defined as a reduction in headache pain severity from moderate/ severe to mild/none (10) . In this study, we asked patients to record the moment when they felt the onset of headache relief. Although both definitions are subjective, our definition may have exaggerated the degree of PR. It is reasonable to assume that patients evaluated their PR similarly whether taking rizatriptan or other oral triptans. Any non-differential exaggeration of PR would increase the noise in the estimation, thus decreasing the chance of finding any statistically significant difference. Thirdly, the open-label study design, in which patients were aware of the specific medications used for each attack, may have introduced a bias between treatments, so that subjectivity and/or loyalty to a particular brand name medication are potential threats to validity. We attempted to control for this type of artefact, by creating a numeric variable of the order of treatment options and adjusting for its effect in the multivariate analysis.
In conclusion, to the best of our knowledge, this was the first naturalistic study to compare rizatriptan 10 mg with other oral triptans using stopwatch methodology. The study employed a multi-centre, prospective, cross-over study design, with use of a stopwatch to measure the primary study end-points precisely. Rizatriptan was associated with shorter times to PR and PF than were other oral triptans. This study reproduced in a naturalistic setting the results of double-blind, randomised clinical trials, in which rizatriptan 10 mg has greater efficacy in terms of PF at 2 h postdose than the majority of other triptan dosages. Patients were more satisfied with rizatriptan than with other oral triptans and more patients preferred rizatriptan than other oral triptans for their next migraine attack. freedom 
